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PREFACE 

This syllabus is a revised and extended edition of the former "Plant Analysis Manual’ by I. 
Walinga, J.J. van der Lee, V.J.G. Houba, W. van Vark & I. Novozamsky (ISBN 0-7923-3182- 
6) originally meant for use within the M.Sc. course in Soil Science and Water Management 
and the International Postgraduate Course on Soil and Plant Analysis and Data Handling. 

With this second edition of the Manual, new digestion techniques were included like 
microwave. Also new measure techniques were included like ICP-OES and ICP-MS. It has 
been reorganized and put into a new handsome format. We would like to thank Mr. Peter 
Nobels for the optimisation information regarding the ICP-OES and Mrs. Gerdine Gaikhorst 
regarding the ICP-MS. The Manual is arranged according to the methods of digestion and 
extraction, and all corresponding determination procedures are placed in the same chapter. 
Thus, each determination is tailored to the conditions of the digest/extract one is working with. 
For almost all elements different measure techniques are available. The elements are in 
alphabetic order of symbols. We hope this Manual is very useful in your laboratory during 
analysis of all kind of plant materials. 

The authors accept no responsibility whatsoever for any harm caused by the application (right 
or wrong) of these procedures. 

Any questions, comments, suggestions for improvements should be addressed to: 

Dr. Erwin J.M. Temminghoff 
Wageningen University 
Department of Soil Quality 
P.O. Box 8005 
6700 EC Wageningen 
The Netherlands 

e-mail: erwin.temminghoff@wur.nl 
tel: +31.(0)317.482357 
fax: +31.(0)317.483766 
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1. INTRODUCTION 



1 .1 ORGANISATION OF THIS MANUAL 

This manual is intended for the practising chemist who has to do a job in analysing plant material. 
Therefore, the present manual only contains ready-to-hand procedures without any comment. The 
procedures described are only for inorganic components, which frequently occur in the plant. Most 
procedures are designed to give a total content value of the element under consideration, regardless of 
the chemical structure in which it occurs in the plant. 

Sampling and conservation of plant material are beyond the scope of this manual; some general 
remarks are, however, compiled in section 1 .3. It is anyhow assumed that the material, which is handed in 
for analysis, is representative for the purpose of the principal. 

In the field of plant analysis there is a confusing variety of methods and procedures, both for 
digestions and determinations; moreover, in many cases the digestion and the subsequent determination 
are interrelated. For example, a separate digestion using larger quantities of plant material is sometimes 
needed for trace elements in order to obtain measurable concentrations. After ample discussion, we have 
chosen for a design in which all digestion procedures are described in one chapter, all extraction 
procedures in one chapter and all determination procedures in one chapter. As a consequence, one has 
to choose a suitable digestion method in combination with the intended determination technique; this has 
been indicated within each individual determination procedure. 

For determination of the elements, mainly spectrometric techniques are used here. Depending on 
the kind of element and the expected concentration level, the following methods are applied: flame atomic 
emission spectrometry (flame AES), flame atomic absorption spectrometry (flame AAS), inductively 
coupled plasma optical emission spectrometry (ICP-OES), electrothermal atomisation (graphite furnace) 
atomic absorption spectrometry (ETA-AAS), inductively coupled plasma mass spectrometry (ICP-MS), 
spectrophotometry and segmented flow analysis (SFA). Besides, potentiometry (ion selective electrodes 
(ISE)) and coulometry will be encountered. In many cases, more than one method is described to 
determine a component. This provides a reference, as well as an alternative in case of instrumental or 
analytical problems. 

In principle, each procedure is fully written down, without reference to likewise procedures, since 
it is very inconvenient to be forced to riffle through the pages while performing the analysis. Often, 
however, one and the same determination procedure can be applied to different digests. The standard 
series should then be made with different acids so as to match the acid type and strength of the sample 
digests in question. In those cases, one procedure is described with special reference to the different 
media. 

Many of the methods in this manual have been checked in our laboratory, which is reflected by 
specific remarks. 

Literature references are only sparingly mentioned; in principle only if these provide specific extra 
information. This may be the first article on the subject in question, but it may also be a recent (review) 
paper as well. 

In general, no warnings are given with respect to safety. It is assumed that every analyst and 
laboratory technician realises that all chemicals are unsafe, although to a different extent. Exceptions are 
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only made in the case of a particularly toxic or harmful substance, e.g. KCN. For the rest it is assumed 
that all pipetting is done with the help of pipette fillers, that safety goggles are worn when performing 
digestions, that work is done in a fume hood when harmful fumes may be released, etc. There is very 
much literature on the subject of laboratory safety; it is strongly recommended to consult such safety 
manuals and to observe the safety rules given therein. 

No special references are made with respect to the impact of these procedures on the 
environment. The user should realise, however, that the waste from a laboratory might be very 
detrimental for the environment, even in small amounts. Users are strongly recommended to take 
appropriate measures in order to minimise these effects. 
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1.2 TECHNICAL REMARKS 

In applying the procedures described in this manual, one should realise that there is a number 

of underlying assumptions, agreements and conventions. For clarity and brevity, these are 

summarised below, so that there is no need to repeat them with every procedure. 

• The common simple laboratory equipment and glassware (hot plates, beakers etc.) is 
supposed to be available. If special equipment, glassware or plastic ware is needed, it 
will be mentioned explicitly. 

• In many cases, the classical volumetric pipette can be substituted by plunger-type 
pipettes or by dispensers, provided that these are regularly calibrated. This is in 
particular convenient for dispensing concentrated acids. For work where high 
precision is required, calibration of pipettes is needed. 

• All reagents are assumed to be of analytical grade, unless otherwise indicated. 

• It is assumed that all glassware has been cleaned thoroughly. 

• When water is used, either demineralised (demi-) or ultra pure water (UPW) is meant. 
Ultra pure water is necessary when sensitive measuring techniques like ETA-AAS or 
ICP-MS will be used to measure very low concentrations. 

• In the case the concentrations in plant digests are to low for flame AAS or ICP-OES 
one should use ETA-AAS or ICP-MS. 

• Standard solutions with concentrations below 1 mg/L should be prepared in diluted 
acid to prevent adsorption of the standard by glass. The acid concentration should be 
that low, that a negligible acid concentration exists by preparation between the 
standard series individually and the samples. 

• In the case of ICP-OES measurements scandium and/or beryllium is used as an 
internal standard. Differences in element concentrations in the plant digests can affect 
the nebuliser and/or the plasma conditions. Therefore scandium and/or beryllium will 
be nebulised in the plasma together with the sample. By measuring also scandium or 
beryllium a correction can made for all measured elements since the measured 
scandium or beryllium concentration should be constant. 

• In the case of ICP-MS measurements scandium, germanium, rhodium, and bismuth 
are used as an internal standard mixture. Differences in element concentrations in the 
plant digests can affect the nebuliser and/or the plasma conditions. Therefore a 
mixture of scandium (amu 45), germanium (amu 72), rhodium (amu 103), and 
bismuth (amu 209) will be nebulised in the plasma together with the sample. The 
element within the internal standard mixtuere which has to be used for correction is 
the one which is close to the mass of the element of interest. 

• In the author’s laboratory an ICP quadropole mass spectrometer is used. By making 
use of a High Resolution ICP-MS less interferences are expected. 

• Procedures are pointed at consumption of minimum amounts of reagents. Thus, a 
sentence may read "dissolve 2 g in 50 mL" when this is the normal amount for one 
run. You may prepare, however, 10 g in 250 mL, or any multiple, if you intend to do 
more runs. With automated methods, however, all reagents are given per litre, since 
the consumption simply depends on the number of determinations. 




